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Supporting Information Text10
S1. Fully periodic 3D structures. According to the grating equation, to have a fully periodic structure, the gyroid and diamond11
patterns should have square in-plane lattices with lattice constants of 479 nm and 500 nm, which result in in-depth periods of12
1184 nm and 500 nm, respectively. The rotated cubic pattern has a triangular in-plane lattice with a lattice constant of 408 nm,13
resulting in an in-depth period of 500 nm. Supplementary Fig. 1 demonstrates in-plane and in-depth periods of interference14
patterns of different diffraction orders for square and triangular lattices.15
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Fig. S1. Square and triangular lattice diffraction orders and their corresponding in-plane and in-depth periods. (A) Different excited diffraction orders and the
corresponding in-depth periods in a triangular lattice as a function of in-plane periods. The designed rotated cubic lattice is shown with black star (B) Same as (A), but for
rectangular lattice. The designed gyroid and diamond lattices are shown with black hexagon and black star, respectively. Here the lattices are two dimensional and the number
of diffraction orders are only referring to the order of their excitations.
S2. The level set representation of 3D structures. The gyroid (FG), rotated cubic (FC), and diamond (FD) lattices are defined16
with the level set approximations as follows:17
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where, Px = 479 nm, Py = 479 nm, Pz = 1184 nm,19
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where, Px = Py = Pz = 408 nm, and21
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where, Px = Py = Pz = 500 nm.25
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Fig. S2. Target 3D structures and their corresponding optimized diffraction order coefficients. (A) Target gyroid pattern defined with the level set approximation with t = 0.25
(top). The optimized diffraction order coefficients for the x and y polarizations for gyroid structure with square lattice (bottom). (B) Same as (A), but for rotated cubic pattern with
triangular lattice and t = 0.15. (C) Same as (A), but for diamond pattern with square lattice and t = 0.3.
Seyedeh Mahsa Kamali, Ehsan Arbabi, Hyounghan Kwon, and Andrei Faraon 3 of 7
|tx|
2 |ty|
2
60 180120
120
180
Dx(nm)
D
y(n
m
)
60
60 180120
120
180
Dx(nm)
D
y(n
m
)
60
Transm
ission (%
)
0
100
x
z
|tx|Exe
i∠tx
Ex Ey
|ty|Eye
i∠ty
∠ty
500 nm
∠tx
rad/(2π)
1
0
Sampling points
A
B
Fig. S3. Diamond meta-mask sampling points and transmission powers of uniform nanoposts. (A) The desired diamond phase-masks are sampled at four points with
with a 250-nm period. Position of the sampling points are shown with black squares. (B) Transmission powers of the x- and y-polarized light at 532 nm for the uniform array of
nanoposts as functions of the nano-post widths.
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Fig. S4. Transmission amplitudes and phases of the initial and optimized diamond meta-masks. (A) x- and y-polarized transmission phases (top row) and amplitudes (bottom
row) of the initial design. The input polarization is chosen to be linearly polarized with |Ex|/|Ey| = 0.84. (B) Same as (A), but for the optimized design. The input polarization
is chosen to be linearly polarized with |Ex|/|Ey| = 0.5.
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Fig. S5. Larger area of measured in-plane intensity profile of the diamond meta-mask.
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Fig. S6. Design of a meta-mask for generating desired spiral 3D pattern. (A) X- and y-polarized transmission amplitudes and phases of a meta-mask designed to create the
3D spiral pattern in the photoresist. The input light is assumed to be linearly polarized with |Ex|/|Ey| = 0.84. (B) Generated 3D intensity pattern in the sensitized SU-8
photoresist under 532-nm laser illumination (left). Birds eye view and top view of the expected 3D structures formed in the negative photoresist (sensitized SU-8) assuming a
specific intensity threshold (right). Here, it is assumed that the regions with intensity values above 0.6 will be polymerized in the resist, and areas below this level are developed.
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